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ABSTRACT 

We present a photometric estimation of the distance and reddening values to the dwarf irreg- 
ular galaxy NGC 1156, which is one of the best targets to study the isolated dwarf galaxies in 
the nearby universe. We have used the imaging data sets of the Hubble Space Telescope (HST) 
Advanced Camera for Surveys (ACS) High Resolution Channel (HRC) of the central region of 
NGC 1156 (26" X 29") available in the HST archive for this study. From the {U - B,B -V) 
color-color diagram, we first estimate the total (foreground -I- internal) reddening toward NGC 
1156 of E{B — V)= 0.35 ± 0.05 mag, whereas only the foreground reddening was previously 
known to be E{B — V) = 0.16 mag (Burstein & Heiles) or 0.24 mag (Schlegel, Finkbeiner, & 
Davis). Based on the brightest stars method, selecting the three brightest blue supergiant (BSC) 
stars with mean B magnitude of {B{3B)) — 21.94 mag and the three brightest red supergiant 
(RSG) stars with mean V magnitude of {V{3R)) = 22.76 mag, we derive the distance modulus 
to NGC 1156 to be (m — Af)o, bsg = 29.55 mag and (m — M)o,_rs'g = 29.16 mag. By using 
weights of 1 and 1.5 for the distance moduli from using the BSGs and the RSGs, respectively, we 
finally obtain the weighted mean distance modulus to NGC 1156 (m — M)q = 29.39 ± 0.20 mag 
[d = 7.6 ± 0.7 Mpc), which is in very good agreement with the previous estimates. Combining 
the photometry data of this study with those of Karachentsev et al. gives smaller distance to 
NGC 1156, which is discussed together with the limits of the data. 
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1. INTRODUCTION 

Dwarf galaxies are an important class of galax- 
ies in studying the evolution of galaxies as well as 
the cosmological evolution of the universe. They 
have much simpler structures than larger/giant 
galaxies, and are prone to be affected by small per- 
turbations. It is also easy to observe and study 
the whole systems of dwarf galaxies because of 



their small sizes (Kim fc Lee Ill998t Kveong et al 



20061 : ICole et al. II2007I : iKveong et al. Il2010[ ). Iso- 
lated dwarf galaxies are even better targets for 
studying the evolution of the system since they 
are not affected by any environmental effects so 
that any kind of causes and effects reside in the 
system itself. 

NGC 1156 (UGC 2455, Vorontsov-Velyaminov 
[VV] 531, FCC 11329, KIG 0121, IRAS F02567+2502) 
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is an isolated, Magellanic type dwarf irregular 

(dirr) galax y with the morphological type of 

IB(s) ni V-VI (ISandage fc Binggeh Ill994l: Ide Vaucouleurs 
Il99l[ ). This galaxy has boxy- like shape and bright 
blue patches implying an active star formation 
stage, though not triggered by any extern al tidal 



0.24 mag measured by iBurstein fc Heiles I (|l984l ) 
andlSchlegel et al. I (|l989r ). respectively. 
et alfj ^aQks to the unprecedented resolving power 



perturbations ( Karachentsev et al. 19961 ). NGC 



1156 is one of the highly isolated and less dis- 
turbed galaxies, and its nearest neighbors are 
UGC 2684 and UGC 2716, located more than 



10° away from NGC 1156 (jKarachentsev et al 



19961 : iMinchin et aTl l2010l ). Studying the star 



formation rate, mass loss rate, current star for- 
mation activity, etc. for NGC 1156 is very in- 
teresting, because this galaxy is not thought to 
be disturbed/triggered by any nearby objects 
(|Hunter fc Elmegreen |[20ol . Recently, using the 
21 cm line of neutral hydrogen (H l) observed with 
the A recibo L-band Feed Array, iMinchin et al. 



()2010l) bund a new small dwarf galaxy dubbed 
AGES J030039-h254656 at 35' north-northeast 
of NGC 1156 (80 kpc in projection, a,/20oo.o = 
03'^00'"38.6", (5,72000.0 = +25°47'02"). This galaxy 
has an H i flux of 0.114 ± 0.032 Jy km s"\ giving 
it a n eutral hydrogen r riass o f (1.63 ± 0.46) x 10^ 



Mq. Minchin et al. ( 2010[ ) estimated that the 



star formation rate and H i mass of this galaxy 
are both around three orders of magnitude lower 
than in the case of NGC 1156 and concluded that 
it is unlikely that AGES J0300394-254656, in its 
current position, could be exerting any significant 
tidal force on NGC 1156. 

Although there have been many studies on 
NGC 1156 (especially the H ii regions and CO 
content; see table 1 below), the distance esti- 
m ate to this galaxy is only b ased on tw o stud- 



ies 



Karachentsev et al I (Il996l) and lTullvl (|l988l ) 



Karachentsev et al. I (|1996[ ) estimated the dis- 
tance to NGC 1156 to be d = 7.8 ± 0.5 Mpc 
((rn — A/)o = 29.46 ±0.15 mag) using the brightest 
stars method with V (300 s exposure time) and / 
(300 s) CCD images for the central 80" x 120" area 
obtained at the Special Astrophysical Observa- 
tory (SA O) 6 m telescope. From the Tully-Fisher 



relation, iTullv 



([1988) obtained the distance to 
NGC 1156 of 6.4 Mpc ((m - M)n = 29.02 ± 0.40 
mag). There is no estimate for the total (fore- 
ground -I- internal) reddening toward NGC 1156, 
and there are only two foreground reddening esti- 
mates to NGC 1156: E{B -V) ^ 0.16 mag and 



of the Hubble Space Telescope (HST), we are able 
to resolve individual stars at the center of galaxy 
NGC 1156. This allows us to investigate the color- 
color diagram of the central stars of NGC 1156 and 
hence make an accurate estimation of the redden- 
ing and then the distance modulus to this galaxy. 
In this paper, we present a new estimate of the 
distance and (total) reddening to NGC 1156 us- 
ing the photometry from the _ffS'T archive imaging 
data. This paper is arranged as follows. In section 

2, we describe the data set used in this study, and 
we present data reduction and transformation into 
the standard UBVI photometric system in section 

3. In section 4, we show the color-magnitude di- 
agrams, and derive the reddening and distance to 
NGC 1156. We discuss the results in section 5, 
and finally summarize the results in section 6. 

2. DATA 

For this study, we used the imaging data sets of 
HST Advanced Camera for Surveys (ACS) High 
Resolution Channel (HRC) on NGC 1156 available 
in the HST archive. While Wide Field Channel 
(WFC) is the widely used camera of the ACS, 
HRC is one of the three electronic cameras of 
ACS together with Solar Blind Channel (SBC), 
and is designed for high angular resolution imag- 
ing and coronagraphy for the wavelength range 
of 2,000 ~ 11, 000 A. The field-of-view of HRC is 
26" X 29" (1024 x 1024 SITe CCD), with pixel size 
of 0.025" X 0.028" (21/im/pixel). 

The data used in this study were obtained on 
2005 September 5-6 (UT) with F330W, F435W, 
F550M, F814W, and F658N filters through HST 
observing program 10609 (P.I.: William Vacca). 
The accumulated exposure times were 1780 s (4 x 
445 s) for the F330W band, 592 s (4 x 148 s) for the 
F435W band, 780 s (4x 195 s) for the F550M band, 
364 s (4 X 91 s) for the F814W band, and 240 s for 
the F658N band, and for this study we used the 
images obtained in the F330W, F435W, F550M, 
and F814W bands. Figure 1 displays the grey- 
scale image of NGC 1156 (5' x 5') taken from the 
Digitized Sky Survey (DSS), and figure 2 shows 
the HST ACS/HRC F814W image of NGC 1156 
(26" X 29") which is the very central region (inner 
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box) of NGC 1156 in figure 1. 



DATA REDUCTION 



3.1. Photometry 

Photometry of NGC 1156 was carried out 
for the data taken by HST ACS/H RC using 
the DO LPHOT package developed by iDoloh ml 
(|2000al |bh. The DOLPHOT routine performs 
point spread function fitting to the stars and gives 
the magnitudes in the standard Johnson system as 
well as instrumental magnitudes in the HST filter 
system. DOLPHOT use s zeropoints an d trans - 



+25°16' - 



formation coefficients of ISirianni et al. I (|2005[ ). 



which was recently revised (see HST ACS Web 



page, http://www.stsci.edu/hst/acs/analysis/zeropoints/). 



Figure 3 shows the photometric errors from the 
DOLPHOT package as a function of magnitude. 
The DOLPHOT gives five classifications for ob- 
jects (object 1 : good star; object 2 : possible 
unresolved binary, two stars combined during pho- 
tometry iterations; object 3 : bad star, centered on 
saturated pixel or bad column; object 4 : single- 
pixel cosmic ray or hot pixel; object 5 : extended 
object), and here we plot only objects with reli- 
able measurement (i.e., flagged as object type 1; 
N = 5580). 

3.2. Transformation to the UBVI system 

We use the UBVI filter system for the analy- 
sis of the photometric properties and determina- 
tion of the distance to NGC 1156. Although the 
DOLPHOT package effectively converts the ACS 
filter system into the U BVI syste m using the co- 



efficients of Sirianni et al. 1 (l2005l) . the transfor- 



mation from F550M to T^-band is not provided. 
While the recent transformation relations from 
the HST ACS/WFC system (including F550M 
filter) to the BV RI photometry were given by 
Saha et al. 1 (|20llh . their relations are solely based 
on the WFC, excluding the HRC. We, therefore, 
transform the F550M magnitude into the V mag- 
nitude as described below, while the conversions 
from the F330W, F435W, and F814W fihers to 
the U, B, and / bands, respectively, are made by 
the DOLPHOT package. 

First, we transform the F550M magnitudes into 



+25°14' 




02''59'"51 



Fig. 1. — Gray-scale second generation Digitized 
Sky Survey (DSS) image of NGC 1156. The size of 
the field of view is 5' x 5'. North is at the top and 
east is to the left. The coordinate of NGC 1156 
given by the NASA/IPAC Extragalactic Database 
(NED) is (aj2ooo, Sj2ooo) = (02'' 59" 42.19^ +25° 
14' 14.2"), which is also the field center in this 
image. The inner box denotes the area (26" x 29") 
covered by the HST images in this study (also 
shown in figure 2), and the outer box shows the 
area (80" x 120") covered bv iKarachentsev et al. I 



(199i 
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Fig. 2. — Geometric distortion corrected HST 
ACS/HRC F814W image of NGC 1156. The field 
of view is about 26" x 29", which shows the very 
central region of NGC 1156 shown in figure 1. 
North is at the top and east is to the left. The 
coordinate of the center is (aj20oo, <5j20oo) = (02'' 
59" 42. 2^ +25° 14' 20.2"). The bar feature on 
the (lower) left is the "coronagraphic finger" of 
the ACS/HRC. 



the F555W magnitudes using the equation 

= F550M + 0.232(i^550Af - F814W) 

for (i^550Af - F814W^) < 1.337 mag 
F^h^W = F550M + 0.311 

for (i^550Af - F814W^) > 1.337 mag 

(1) 

to use the transfor mation coefficie nts from F555W 
to V given by ISirianni et al. 



(|2005D 



the 



DOLPHOT package. 

Equation (1) is derived using the photometry of 
the stars in the globular cluster 47 Tucanae (NGC 
104) obtained from the HST ACS/HRC images 
and using the Padova isochrones (Marigo et al. I 
l2008l) . Figure 4 (a) shows the color-color dia- 
gram of the stars in the globular cluster 47 Tuc 
obtained from the HST ACS/HRC images with 
F550M, F555W and F814W filters. SmaU dots 
show the stars of 47 Tuc from the DOLPHOT 
package with object type 1 and F550M error < 
0.05 mag. Among these stars we selected stars 
with F550M error < 0.006 mag a nd performed the 



ordinary least-squares fitting (Is obe et al. 1990l ) 



with 3-sigma clipping for these stars, which are 
shown in circles and a blue slanted line denot- 
ing the upper part of the equation (1). Since 
there are not enough number of stars to use at 
the red part (F550M-F814W > 1.337 ma g), we 



have used the Padova isochrones (Marigo et al 



20081 ) as in figure 4 (b). ISaviane et al. I ([2061) find 
12+ log (0/H) = 8.23 for NGC 1156 and using 
the e quations [Fe/H] = log (0/H) -h3.34 = -0.43 
dex (iBono et a. ll2010h and log Z = 0.977 [Fe/H] 
-1.699 (iBertelh et al. Ill994l ) we assume Z = 0.008 
for NGC 1156. The various ages (1, 2, 5, and 
12 Gyr) used in figure 4 (b) give little differ- 
ences and we have used a constant value of 0.311 
(lower part of the equation (1)) for the red part 
of (F550M-F814W) > 1.337 mag. Figure 4 (c) is 
the composite of the panels (a) and (b), showing 
the stars in the globular cluster 47 Tuc (dots for 
the stars with F550M error < 0.05 mag and small 
circles for those with F550M error < 0.006 mag), 
the Padova isochrones with Z = 0.008 and ages of 
1 Gyr (triangles) and 12 Gyr (large circles), and 
the equation (1) plotted in solid line. 

To test the efficiency of this method, we com- 
pare the V magnitudes transformed from F550M 
and from F555W for the stars in the globular clus- 
ter 47 Tuc in figure 4 (d), where circles are for the 
stars with F550M error < 0.006 mag shown also as 
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Fig. 4. — (a) The color-color diagram of the stars in the globular cluster 47 Tuc (NGC 104) obtained from 
the HST ACS/HRC images. Small dots are for the stars with F550M error < 0. 05 mag. Stars with F550M 
error < 0.006 mag are selected and used for the ordinary least-squares fitting ( Isobe et al. lllQQOl) with 3- 
sigma clipping, which are s hown in circles and slanted line for the blue part of (F550M— F814W) ^ 1.3. 
(b) The Padova isochrones ( Marigo et al. I[2008J with Z— 0.008 and various ages (1, 5, 10, and 12 Gyr) 
are shown. The constant value determined at (F550M— F814W) ^ 1.3 is shown as a horizontal line, (c) 
Composite of panels (a) and (b), showing the stars of the globular cluster 47 Tuc (dots for the stars with 
F550M error < 0.05 mag and small circles for the stars with F550M error < 0.006 mag) and the Padova 
isochrones with Z= 0.008 and ages of 1 Gyr (triangles) and 12 Gyr (large circles). The solid line shows the 
selected transformation with slope of 0.232 (for the blue part of F550M— F814W < 1.337 mag) and (for the 
red part of F550M— F814W > 1.337 mag), (d) The difference between the two V magnitudes transformed 
from F550M and from F555W, which shows very good agreement especially for the stars with small errors 
(F550M error < 0.006 mag) shown in circles. 
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circles in panel (a) . The two V magnitudes trans- 
formed from F550M and from F555W are in very 
good agreement with each other as seen in figure 
4(d). 

4. RESULTS 

4.1. Color-Magnitude Diagrams 

Figure 5 displays the color-magnitude diagrams 
(CMDs) for the measured stars (N= 5248) lo- 
cated in the central region of NGC 1156, only with 
DOLPHOT object type of 1. While blue super- 
giant (BSG) /blue main sequence stars are clearly 
seen in the (F, U - B) (figure 5(a)) and {V, B-V) 
(figure 5(b)) CMDs reaching B = 21.6 mag and 
V = 21.3 mag, the {{V,V - I) (figure 5(c)) and 
(/, V-I) (figure 5(d)) CMDs show both the BSG 
and red supergiant (RSG) stars well, the color of 
the latter being {V — I) ^ 2 mag and reaching 
up to F = 22.7 mag and / — 20.6 mag. Red 
giant branch (RGB) stars are located below the 
tip of the RGB (TRGB), which might be much 
fainter than / ^ 24 (see figure 5(d)). There 
should be many asymptotic giant branch (AGB) 
stars between th e RSG and RGB stars (see, e.g., 
Cioni fc Habiiigl tOO^ ). 

If we assume (i) the distance to NGC 1156 to be 
d = 7.1 ±1.0 Mpc ((m-M)o = 29.24 ±0.31 mag) 
given by the NASA/IPAC Extragalactic Database 
(NED) which is the mean of the two values from 



Tullv I (Il988|) ((m - M)n = 29 .02 ± 0.40 mag) 



and Karachentsev et al. I (diii) ((m - M)o 



29.46 ± 0.15 mag), (ii) the total reddening toward 
NGC 1156 to be E{B - V^) = 0.35 ± 0.05 mag 
as obtained in the following subsection, and (iii) 
the /-band absolute magnitude of the TRGB t o 
be Mi^TRGB ~ -4.0 ±0.1 mag (|Lee et al. Ill993l ). 



then the /-band magnitude of the TRGB might be 
located at / ~ 25.8 mag. T h e [/-m agnitude cali- 
bration from ISirianni et al~ ( 2005 ) is bifid above 
and below [U — B) = 0.2 mag (see their table 23). 
At the very color of (U—B) = 0.2 mag, the derived 
[/-magnitudes are different by 0.1 mag (see also 
their figure 22), and this appears to be the reason 
for the vertical gap-like feature at (U — B) = 0.2 
mag in the {V,U - B) CMD (figure 5(a)). The 
cross identification results of the bright stars and 
star clusters in the HST images and the Canada- 
France-Hawaii Telescope near-infrared images will 
be shown in a subsequent paper (J. Kyeong et al. 



in preparation). 

4.2. Interstellar Reddening toward NGC 
1156 

Since NGC 1156 is a dirr galaxy containin g 



many star forming regions (jBarazza et al. Il200lh . 



the internal reddening in NGC 1156 might not be 
negligible and the estimate of the totaU redden- 
ing toward NGC 1156 is important for the pho- 
tometric studies of this galaxy. However, there 
are only two foregrotmd redden ir ig val ues toward 



NGC 1156. iBurstein fc Heiles I (|l984f ) measured 



Ab ~ 0.66 mag using 21 cm H i column density 
and fa int galaxy coun t s met hod. On the other 



hand, Schlegel et al. 



(|l989t ) determined Ab = 
0.968 mag based on the COBS/DIRBE mea- 
surement of diffuse infrared emission. By adopt- 
in g Ry = 3.1 and the i nterstellar extinction law 
of ICardelh et al. 1 (|l989l ). these values convert to 



E{B — V) = 0.16 mag and 0.24 mag, respectively. 

Using the color-color diagram produces a ro- 
bust method for determining the interstellar red- 
dening value only if UBV photometric data are 
available. Fortunately, our four filter photome- 
try allows us to derive the interstellar reddening 
value using the {U — B , B — V) color-color dia- 
gram, which is shown in figure 6. The total red- 
dening value, that is foreground reddening plus 
internal reddening inside the galaxy, is derived 
shifting the zero age main sequence (ZAMS) rela- 
tion given by the Pa dova isochron e (log t = 6.0 , 
Z= 0.0 08: iMarieo et al. I (l2008h . iBertelli et al" 



U9M) 
dening 



Saviane et al. 



line of E (U 



()Gunn fc Strvkerlll983^ 



20081 )) along the red- 
B) = 0.72E{B - V) 
Only the stars with U 
photometric errors smaller than 0.05 mag and 
object type 1 are included for the fit, which are 
mostly in the blue main sequence region in the 
CMD as shown in the panels (a) and (b) of figure 
5 as large (red) circles. The photometric errors for 
these stars in B and V bands are less than 0.06 
mag and 0.09 mag, respectively. 

The best fit in figure 6 yields E{B — V) — 
0.35 ± 0.05 mag for the total reddening value of 
NGC 1156, which will be used in the derivation of 
the distance in the next subsection. Since there 
are several very young star clusters (log t < 6.6) 



^'foreground' (found in the Milky Way) 
in the program galaxy) 



'internal' (found 
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-1 1 S 3 -1 1 S 



(B-V) (V-I) 

Fig. 5.— Color-magnitude diagrams (CMDs) of NGC 1156 obtained from the HST ACS/HRC images. Only 
the objects of type 1 (good star) are plotted from the DOLPHOT photometry. The large circles in panels 
(a) and (b) are the objects with U photometric errors smaller than 0.05 mag which are used to estimate the 
total reddening value toward NGC 1156 in figure 6 below. 
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Fig. 6. — {U — B,B ~V) color-color diagram of the stars in NGC 1156. The objects with U photometric 
errors smaller than 0.05 mag and object type 1 are plotted as open circles. The th in dotted line represents 
the u nreddened ZAMS lin e given by the Padova isochrone (jMarigo et al. 1 l2008l) with log t = 6.0, Z= 
0.008 ( Saviane et al. 20081) . and the thick solid line represents the ZAMS line reddened by the amount of 



E{B -V) = 0.35 ± 0.05 mag. The ZAMS lines for Z= 0.003 and Z= 0.019 (both for log t = 6.0) reddened 
by E{B — V) = 0.35 mag are also shown in thick short-dashed and long-dashed lines, respectively, for 
comparison, where the chosen metallicity gives little difference in obtaining the reddening value. The arrow 
at {B ~ V) ^ mag is the reddening vector with E{B ~ V) — 0.10 mag. The three, numbered stars with 
boxes are the BSGs selected in section 4.3 and shown in table 2 in the order named. 
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in the core region of NGC 1156, the internal red- 
dening that contributed to this value might be 
due to the gas and dust associated with the star 
forming regions. The extinction values are cal- 
culated for a total-to-selective extinction ratio of 
A y IE{B — V) = 3.1 u sing the equations given 
bv lCardein et al. I (|l989[ ): Ab = A.UE{B -V) = 
1.45 mag, Ay = ?>.IE{B - V) ^ 1.09 mag, and 
Ai = 1A8E{B -V)= 0.52 mag. 

4.3. Distance to NGC 1156 



Bottinelli et al. I (|l984l ) determined the dis- 
tance to NGC 1156 as 3.9 Mpc ((m-M)o = 27.98 
mag) by the i3-band Tully-Fisher relation with 
a relatively lar ge error 1.2 mag) in t he dis- 
tance modulus (jKarachentsev et al. Ill996l ). ITuUv 
( 19881 ) obtained a larger distance of 6.4 Mpc 
((m - M)o = 29.02 ± 0.40 mag) again from 
the Tully-Fisher relation and a heliocentric ve- 
locity of 372 km s~^. Usin g the magnitudes of 



RSG and BSC candidates, iKarachentsev et al 



(|l996l ) obtained the distance of d = 7.8 ± 0.5 Mpc 
((m - M)o = 29.46 ± 0.15 mag) to NGC 1156, 
which is the mean value of (m — M)q — 29.61 
mag (obtained from the three RSGs with a mean 
y-band magnitude of {V{3R)) — 22.45 mag) and 
(m — M)q = 29.32 mag (obtained from the three 
BSGs with {B{3B)) = 21.31 mag). They searched 
for RSG and BSC candidates only outside of the 
central crowded areas to avoid the crowding in 
the inner regions and obtained a mean appar- 
ent magnitude for the three brightest red stars 
of {V{3R)} = 22.45 mag, and that for the three 
brightest blue stars of {V{3B)) = 21.24 mag. 

With non- variable absolute visual magnitudes 
up to My — —9.5 mag, the brightest stars 
method is quite useful in estimating the distances 
to galaxies without the ne c essity of repeated 
observations ("Hubble ' '1936"; 'Humohrevs ' 'l987. 



Sandage^& Carlson 1988; Karachcntscv & Tikhonov 
1994 : Rozanski fc Rowan- Robinson 11994 iLvo fc Lee 



1997 



2005 



claimed rather larger errors in this method of 0.58 
mag and 0.90 mag, r espectively, for the bright 



est red and blue stars. IKarachentsev &: Tikhonov 



(|1994l ) suggested much smaller errors of 0.30 mag 
and 0.45 mag for the brightest red and blue stars, 
respectiv ely. Using new C CD-based data for 17 
galaxies, ILvo fc Lee I (|l997l ) showed that the un- 
certainties in the distance moduli determined by 
the brightest red and blue stars are 0.37 mag 
and 0.55 mag, respectively, concluding that the 
brightest RSGs might be useful in determining 
the distances to resolved late-type galaxies. They 
proposed new calibration equations : 

(My(3)flSG) = 0.21A/|-3.84, a{My) = 0.37 mag 

(2) 

and 

{Mb{3)bsg) = 0.30Af|-3.02, cr(MB) = 0.55 mag. 

(3) 

In order to make it free from any contamination 
by foreground stars and to select the three bright- 
est blue and red stars, we consider stars bluer than 
B-V ^OA mag (in (B, B~V) CMD) and redder 
than B-V = 2.0 mag (in {V, B -V) CMD), re - 



spectively ([Rozanski fc Rowan-Robinson I Il994l) . 



Kudritzki et al. "2003':'Bresol in ll2003l : IVaduvescu et 
Kudritzki et al. 2008, 2010 ). Instead of the 
single brightest star, the average magnitude of the 
three brightest stars have been used to minimize 
the effects of misidentifying the brightest individ- 
ual star and to reduce the stochastic effect in ob- 
taining the me an luminosity of the br i ghtest stars 
j Rozanski fc Rowan-Robinson _ _ 1994 ;_ Lvo fc Lee 



In figure 7, we show the selected supergiant stars: 
pentagons are the three brightest blue stars and 
the open circles are the three brightest red stars, 
while the triangles and squares in panels (c) and 
(d) are the brightes t blue and red, respectively, 
stars selected in Karachentsev et al. ] (l996 ). Ta- 
ble 2 lists the equatorial coordinates and pho- 
tometry results of the selected BSC and RSG 
stars. While we denote V{?>) as the average V- 
band magnitude of the three brightest stars se- 
lected in the T^-band, it is worth noting here 
that the brightest RSG stars in F(3) or K{?>) 
will not, in general, be the same stars as in /(3) 
or -R(3), and this situation is the same for the 
brigh test BSGs ( Rozanski fc Rowan- Robinson I 
It is natural that similar but not the 



^me stars are selec ted betw e en ou r study and 
that of iKarachentsev et al. I (Il996l) considering 



the different areas of the studies: we use the 
HST images of the central 26" x 29'^ region 



of NGC 1156, while IKarachentsev et al. I (|l996[ ) 



19971 ). While iRozanski fc Rowan- Robinson I ( 199 



searched for supergiant candidates only outside 
the central/crowded areas in their 80" x 120" 
CCD images. The mean magnitudes of the three 
brightest BSGs are {B{3B)) = 21.943 mag and 
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{V{3B)) = 21.680 mag and the mean color is 
{{B-V)i3B)) = 0.263 mag, where 3B denotes the 
three brightest BSGs. The redder {V — I) colors 
of the BSGs in this study ((( V-I)) = 0.392 mag) 
over t hose of the BSGs in iKarachentsev et al. 
()l996l) {{{V - I)) = 0.077 mag) might be due to 



the crowding of more dust and star forming regions 
in the central area of NGC 1156 that caused more 
reddening. The mean magnitudes of the three 
brightest RSGs in this study ((^(Si?)) = 22.758 
mag, {/(3i?)) = 20.871 mag) are somewhat fainter 
than those of the RSGs in IKarachentsev et al. 
(Il996[ ) {{V) = 22.443 mag, (/) = 20.317 mag) : 

{V)this study — {V)Karachentsev — 0.315 mag and 
{I)this study " {!) Karachentsev = 0.554 mag. 

Using the total blue absolute mag nitude of 
NGC 1156 (Af|' = -18.64 mag) given bv lBarazza ~t al. 



( 200l[ ) (we reddened Af^o i^^o Af^ again us- 
ing Ab — 0.96 mag as given in their study) 
and equation (2), we obtain the mean total vi- 
sual absolute magnitude of (Afy(3)flSG) = —7.75 
mag. Using the average V magnitude of the three 
brightest RSGs derived in the previous paragraph 
{{V{3R)) — 22.758 mag), we get the distance mod- 
ulus of (m-A/)o = 22.758 -t- 7.75- 3. IS(S-y) = 
29.423 mag. Using this value, iteratively, to de- 
rive the total blue absolute mag nitude of NGC 
1156 assuming Bt = 11.78 mag (jBarazza et al 



l200l[ ) and the total reddening of Ab = 1.45 mag 
(section 4.2), we get Ar| = -19.093 mag. Insert- 
ing this value into the equation (2) and iterating 
this process until the values converge, we obtain 
A/| = -19.22 mag, {Mv{i)BSG) = -7.88 mag, 
and the distance modulus (m — A/)o = 29.55 mag 
(d = 8.1 Mpc). 

Similarly, using the total blue absolute mag- 
nit ude_o01GCn 5 6_(M| = -18.64 mag) given 
by iBarazza et al. (2001) and equation (3), we 
get the mean total blue absolute magnitude of 
{Mb{3)bsg) — —8.61 mag. Using the average 
B magnitude of the three brightest BSGs derived 
above {{B{3B)) = 21.943 mag), we get the dis- 
tance modulus of (m - M)o = 21.943 -I- 8.61 - 
4.UE{B -V) = 29.104 mag. Using this value 
to derive again the total blue absolute magni- 
tude of NGC 1156 and iterating the process un- 
til the values converge, we get Af^ — —18.83 mag, 
{Mb{3)bsg) = —8.67 mag, and the distance mod- 
ulus (m - A/)o = 29.16 mag {d = 6.8 Mpc). 

The average of the distance moduli obtained 



from using the BSGs and RSGs is (m — M)o = 
29.36 ± 0.20 mag [d = 7.4 ± 0.7 Mpc). Since 
the uncertainties of the distance estimates from 
these two methods are different, we use different 
weights for each of them. The errors in the dis- 
tance estimation methods using BSGs and RSGs, 
respectively, are .90 mag : 0.58 mag (1.55 : 



1) in the study of iRozanski fc Rowan-Robinson 



(Il994l). 0.45 mag : 0.30 mag (1.50 : 1) in that of 
Karachentsev fc Tikhonovl (1994), a nd 0.55 mag 
: 0.3 7 mag (1.49 : 1) in that of ILvo fc Lee 
(jl997[ ). The mean values of the three estimates 



of the errors for the BSGs and RSGs are 0.63 mag 
and 0.42 mag, respectively, and the ratio is 1.50 
: 1. Giving single weight to the distance esti- 
mate from the BSGs and a weight of 1.5 to that 
from the RSGs, we finally obtain (to — M)q = 
29.39 ± 0.20 mag (d 7.6 ± 0.7 Mpc). This re- 
sult isJn_verY_good_jCTeement with that derived 



by IKarachentsev et al 

lJl99iL 

while somewhat 

larger than that of lTullvl (|l988l ). The fact that 



the distance estimate of this study is v ery simi- 
lar to that of Karachentsev et al. ( 1996[ ) could be 
considered reasonable because the magnitudes of 
the selected BSGs and RSGs are not much differ- 
ent and the studied areas of the two studies are 
located close to each other. 

5. DISCUSSION 



While Ide Vaucouleurs et al. I (|l99ll ) lists the 



angular diamete r of NGC 1156 to be 3.3^ our 
study and that of lKarachentsev et al. ( 19961 ) have 
used, respectively, only the HST data of the cen- 
tral 26" X 29" area and the SAO 6 m telescope 
data of the central 80" x 120" area. This means 
the present study covered onl y 2.5% of the area o f 
NGC 1156 and that of Karac hentsev et al. I (|l996l ) 
31.2%. In fact, in order to select the true bright- 
est stars in a galaxy, we would need to observe the 
entire area of the galaxy. It, therefore, might be 
easily speculated that there could be brighter stars 
in NGC 1156 than the brightest stars selected in 
the two studies above. 

Figure 1 shows that the area covered by 



Karachentsev et al. 



includes most of the 
bar-like main body and most of the star forming 
regions of NGC 1156, and it seems there may not 
be many, if any, brighter stars outside of the area 
studied bv IKarachentsev et al. ( 19961 ). The fact 
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Fig. 7. — The location of the selected blue supergiants (BSGs) and red supergiants (RSGs) in (a) {B, B — V) 
CMD, (b) {V, B -V) CMD, (c) {V, V - I) CMD, and (d) (/, V - I) CMD. Pentagons and open circles are 
the BSG and RSG stars, respectively, selected in this study, while triangles and squares in panels (c) and (d) 
are the brightest blue and red, respectively, stars selected in iKarachentsev et al. ] (|l996l) . BSGs selected in 
the {B,B- V) CMD (panel (a)) and RSGs selected in the {V,B - V) CMD (panel (b)) are denoted boldly 
in each panel. 
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th at our study have use d a sm aller area than that 
of Karachentsev et al. I ( 1996h is consistent with 
somewhat fainter (V) magnitudes for both the 

BSGs {AV — VtMs study — VKarachentsev ~ 0.44 

mag) and the RSGs (AF ~ 0.32 mag) selected 
in this study as shown in figure 7 (c). The (/) 
magnitude for the RSGs se lected in this study 
i s qui te fainter than that of iKarachentsey et al. I 

(19961) (A/ — ItMs study — I Karachentsev ~ 0.55 

mag), but the (/) magnitude for the BSGs selected 
in this study is only a htt le fainter than that of 
Karachentsev et al. I (|l996l ) (A/ ~ 0.12 mag; fig- 
ure 7 (d)). Although the smaller area covered by 
the HST images in t h is stu dy compared to that of 
Karachentsev et al. ] (Il99d) renders fainter mean 
magnitudes of the brightest stars, t he new call 



bration for the brightest stars (from iLvo fc Lee 



(|l997h 'l and the new estimate of the total redden- 
ing to NGC 1156 used in this study give almost 
the same distance. It is still possible, though, that 
we might get brighter magnitudes for the brightest 
stars (and smaller distance m odulus) , if we observe 



(199i 



a larger area than that of [Karachentsev et al. 
(r > 0.9'). 



The study of [Karachentsev et al. I (|1996l ) and 



our study have used different observation data 
and different regions to search for the brightest 
stars: the former focused only on the outer regions 
in their 80" x 120" images to avoid the central 
crowded areas and the latter used only the cen- 
tral 26" X 29" area of NGC 1156. Therefore, we 
can obtain more reliable results if we combine the 
data on the brightest stars from these two stud- 
ies. The selection of three brightest RSGs among 
the six RSGs in the two studies give the same 



stars as in the study of Karachentse v et al. ( 1996[ ) 



since all of their stars are brighter than those 
of the present study . Using the three RSGs of 
Karachentsev et al. I (l996) with {V{iR)) = 22.45 
mag and the equation (2), we obtain the distance 
modulus of (m-M)o = 29.16 mag {d = 6.8 Mpc). 
Karachentsev et al. ] (Il996l) used only V and / 



bands for their study. They used these two bands 
to search for both BSGs and RSGs and they ob- 
tained the mean B magnitude of the three BSGs 
{{B{3B)) ~ 21.31 mag) from conversion of the 
mean V magnitude and {V — I) color {{V{3B)) = 
21.24 mag, {(V - I)) = 0.08 mag). Ahhough the 
B mag nitude of each of the three BSGs in the 
study of lKarachentsev et al. I (|1996l ) is not known. 



we might be able to assume that they are all 
brighter than any of the BSGs used in the present 
study considering the larger magnitude difference 
in V (figure 7 (c)) than that in / (figure 7 (d)) 

: AV = (Vrhis study) — (VKarachentsev) ^ 0.44 
mag and A J = {Irhis study) — [I Karachentsev) ~ 

0.12 mag. Using the thr ee brightest BSGs of 



Karachentsev et al. ] (|l996h among the six BSGs 



in the two studies and the equation (3), we get 
{B{3B)) = 21.31 mag, which gives us the distance 
modulus of (m-M)o = 28.26 mag {d = 4.5 Mpc). 

The weighted mean of the distance estimates 
from using BSGs and RSGs using weights of 1 
and 1.5, respectively, is (m - M)o = 28.80 ± 0.20 
mag {d = 5.8 ± 0.5 Mpc), while the unweighted 
mean is (m — M)o = 28.71 ± 0.50 mag {d = 
5.5 ± 1.4 Mpc). Usin g the revised calib ration of 
the BSGs and RSGs in lLvo fc Leel (|l997l ) and the 
newly obtained total reddening to NGG 1156 in 
this study, we derive a distance to this galaxy 
smaller than those obt ained in section 4.3 and 
(Il996l) . 



m 



Karachentsev et al. 



Future wide-field 
imaging of NGC 1156 at least in B and F-bands 
might be helpful in resolving this issue and deter- 
mining more accurate distance to NGC 1156. 

The mean magnitudes and color of the BSGs 
obtained in this study are {V{3B)) — 21.68 mag, 
(/(3B)) = 21.29 mag, and {{V - I){3B)) = 0.39 
mag, and those of the RSGs obtained in this 
study are {V{3R)) = 22.76 mag, {I{3R)) ^ 20.87 
mag, and {{V - /)(3i?)) = 1.89 mag. On the 
other hand, the mea n magnitudes and color o f 



(1993) 



the BSGs obtained bv [Karachentsev et al. 
are {V{3B)) = 21.24 mag, (/(3B)) = 21.17 mag, 
and {(y - I)(3B) ) = 0.08 mag, and those of the 



RSGs obtained bv [Karachentsev et al. ( 1996[ ) are 
{V{3R)) = 22.44 mag, (/(3i?)) = 20.32 mag, and 
{{V-I){SR)) = 2.13 mag. AU the magnitudes ob- 
tained i n our study are 0.12 — 0.55 m ag fainter than 
those of lKarachentsev et al. I ( 1996f ). while the sit- 
uation is different for the {V — I) color : the mean 
(V — I) color for the BSGs ob tained in our study is 
0.32 m ag redder than that of lKarachentsev et al 



(|199 6V while that for the RSGs is 0.24 mag bluer 



than that of Karachent sev et al. 1 |l996 ). It could 



be possible that there occurs larger absorption in 
the central part of NGG 1156, which affects more 
for the BSGs than the RSGs. Nevertheless, since 
we accurately estimated the reddening value in the 
central part of the galaxy and applied it in deter- 
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mining the distance, the distance values obtained 
in this study are not affected much by the differ- 
ences of reddening values in our stu dy and in the 
study of iKarachentsev et al. 

All the stu dies performed in the 1990s , includ- 
ing those of IKarachentsev fc Tikhonov 



Rozanski fc Rowan- Robinson I (|l994f ) , and lLvo fc Lee 
(|l997h . used the (B-V) color to select both BSGs 
and RSGs. The wide use of CCDs since then have 
produced colors using longer wavelengths such as 
(V — I) thanks to the good sensitivities of CCD de- 
tectors at these wavebands. It might be helpful if 
we could use this {V —I) color in selecting or inves- 
tigating the RSGs rather than the {B — V) color. 
U sing the (V — I) c olors for the RSGs assembled 



. Lvo fc Lee I (|l997t ) together with those for NGC 
1156 selected in this study, we plot the {V,V — I) 
and (/, V-I) CMDs in figure 8 to show the (V-I) 
color distribution of the RSGs. While many RSGs 
are gathered near (V — I) ~ 2 mag, the whole color 
range of the RSGs is 1.5mag ^ (V — I) ^ 3.5 mag. 

Figure 7 shows that among the three selected 
RSGs, RSG2 is bluest both in (B-V) and (V"-/) 
colors. The (V - I) color of this star {(V-I) = 
1.51 mag) is almost at the blue edge in the color 
range shown in figure 8. If we ignore this star 
and select again three RSGs in figure 7(c), the 
somewhat fainter and redder star with V = 22.8 
mag and {V — I) ^ 1.56 mag will be chosen, and 
this does not much affect the resultant distance 
estimate to NGC 1156. 

6. SUMMARY 



Using the UBVI archive EST ACS/HRC im- 
ages of the dirr galaxy NGC 1156, we performed 
DOLPHOT photometry, constructed various com- 
binations of CMDs, and estimated the total (fore- 
ground -|- internal) reddening and distance to this 
galaxy. Although the CMDs are not deep enough 
to detect the TRGB due to the short exposure 
times of the HST images, they are good enough 
to draw a {U — B , B — V) color-color diagram 
to determine the total interstellar reddening of 
E{B -V) = 0.35 ± 0.05 mag and to select the 
three BSGs and three RSGs, which allowed us to 
determine the distance to this galaxy, d = 7.6±0.7 
Mpc ((to - M)o = 29.39 ± 0.20 mag). 

The CMDs obtained in thi s study are quite sim- 
ilar to those of NGC 6822 (iGallart et al. I Il996l ) 



(figure 15, (U, B-V) CMD and figure 17, (J , V - 
I) CMD), NGC 3109 (iMinniti et al. II1999D (fig- 
ure 2, (I,V - I) and (V ,V - I) CMDs), WLM 
(iMinniti fc Ziilstra Ill997l) (figure 5, (V, V-I) and 
(I,V - I) CMDs), and/or IC 1613 (|Freedman 
Il988h (figure 4, {V,B - V) CMD and figure 5, 
(I, V-I) CMD). Since NGC 1156 is located much 
farther than these late-type dwarf galaxies, it is 
necessary to get deeper imaging of NGC 1156 to 
obtain deep enough photometry so that we can es- 
timate the distance more reliably using the TRGB 
method or perform a detailed study of the stellar 
populations of this galaxy. 
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with DOLPHOT object type 1 (good star; N = 
5580) are plotted. 



This 2-column preprint was prepared with the AAS lAlJ^X 
macros v5.2. 
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Table 1. Basic Information of NGC 1156 



Parameter 



Information 



Reference 



aj2000.0, <5j2000.O 

l,b 

Morphological type 
Position angle (N through E) 
Angular diameter, Do 
Axial ratio 

Kinematical axes of the ionized gas, 
neutral gas, and stellar disks 
Inclination, i 
Radial velocity, Vr 
Redshift, z 

Distance modulus, (m — Af)o 



Reddening, E{B - V) 
Bo, Mb,o 
Bo 
Bo 

Bo, Mb,o 
Vo 
Mv 
Ro 
R 

(B-V)o 
(B - R)o 

Effective radius, r^, r^ , 
Effective surface brightness, 

{A'>fff, MYb, M 
flux density at 12, 25, 60, lOO/xm 
flux density at 6.75, 15^m 
H I flux 



eff 



H I mass, Mhj 

H I line width", W50 
Mhj/Lb 

Star formation rate, SFR 



02" 59" 42.19', +25° 14' 14.2" 
156.°31, -29.°20 
IB(s)m V-VI 
39° 
3.3' 
7.4 



42° 

375 ± 1 km s"^ 
0.001251 

29.02 ± 0.40 mag (d = 6.4 ± 1.2 Mpc) 
29.46 ± 0.15 mag (d = 7.8 ± 0.5 Mpc) 
29.39 ± 0.20 mag (d = 7.6 ± 0.7 Mpc) 
0.35 ± 0.05 mag 
11.78 ± 0.10 mag^", -17.68 mag'' 
11.56 mag"^ 
11.61 mag'' 
12.32 mag, -17.85 mag''-'^ 
11.31 mag'' 
-18.67 mag'' 
10.91 mag"" 
11.91 ±0.04 mag 
0.47=^ 
0.87" 

31.58", 34.28", 35.48" 
21.28, 20.98, 20.66 mag arcsec"^ 

0.17, 0.55, 5.24, 10.48 Jy 
0.09 ±0.02, 0.14 ±0.03 Jy 
71.3 Jy km s"^ 
72.72 Jy km s"^ 
75.6 ± 6.4 Jy km s'^ 
1.02 X 10^ Mq 
(1.08 ± 0.09) X 10^ Mq 
73 ± 3 km s"^ 
0.56 Mq/Lq 
0.71 ±0.07 Mg/yr 



NASA/IPAC Extragalactic Database (NED) 
NED 

de Vaucouleurs et al. (199^) 

Hunter et al. (2002) 
de Vaucouleurs et al. (199^) 
de Vaucouleurs et al. (1991 ) 

Hunter et al. (2002) 



Bottinelli et al. 
NED 
NED 
Tullv (1988) 
Karachentsev et al. (1996) 
This study 
This study 
Barazza et al. (2001 ) 

Tullv (1988) 
Bottinelh et al. (1984) 
de Vaucouleurs et al. (1991 ) 

Barazza et al. (2001 ) 
Hunter fc E lmcgr een (2004) 
Barazza et al. (2001 ) 
James et al. (2004) 
Barazza et al. (2001 ) 
Barazza et al. (2001 ) 
Barazza et al. (2001 ) 
Barazza et al. (2001 ) 



Dale et al. (2000) 
Dal e et al. (2000) 
Swaters et al. (2002) 
Havnes et al. (1998) 
Minchin et al. (2010) 
Swaters et al. (2002) 
Minchin et al. (2010) 
Broeils fc van Woerden (1994) 
Swaters et al. (2002) 
James et al. (2004 ) 



" Only the foreground extinction is corrected 
^ Assuming d = 7.8 ± 0.5 Mpc 

Both foreground and internal extinctions are corrected 

Assuming Ab = 0.71 mag 

Profile width at a level of 50% of the peak value, corrected for instrumental broadening 
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Table 2. Selected Blue and Red Supergiant Stars in NGC 1156^ 



ID 


R.A.(J2000.0)'' 


DecL(J2000.0)'^ 


U 


Uerr 


B 


Berr 


V 


Verr 


I 


lerr 


BSGl 
BSG2 
BSG3 


2:59:41.96 
2:59:42.02 
2:59:41.48 


25:14:33.6 
25:14:08.3 
25:14:13.8 


21.130 
21.786 
21.834 


0.017 
0.026 
0.028 


21.598 
22.009 
22.221 


0.013 
0.017 
0.022 


21.263 
21.772 
22.004 


0.014 
0.019 
0.025 


20.827 
21.453 
21.584 


0.015 
0.022 
0.028 


RSGl 
RSG2 
RSG3 


2:59:42.38 
2:59:42.12 
2:59:42.57 


25:14:33.7 
25:14:27.9 
25:14:34.3 


26.942 
25.513 
25.554 


3.690 
0.607 
0.788 


25.184 
24.757 
25.305 


0.181 
0.110 
0.177 


22.674 
22.708 
22.893 


0.030 
0.031 
0.036 


20.617 
21.199 
20.796 


0.013 
0.019 
0.014 



BSGs are in the order of -B-magnitudes and RSGs are in the order of F-magnitudes. 
^ in hours, minutes, and seconds 
in degrees, arcminutes, and arcseconds 
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